Over the past century, the construction of dams, pollution from toxic materials, introduction of non-native species, and addition of nutrients and sediments into waterways have increasingly altered the diversity and composition of species that inhabit streams and rivers (Brown and Moyle 1997; Tockner and Stanford 2002; Dudgeon et al. 2006) . Although lotic ecosystems were once known to harbour levels of biodiversity that were disproportionately highly compared with their surface area (Allan and Flecker 1993) , many streams and rivers no longer support their historic levels of diversity (Moyle 1994) . As a consequence, there are now a growing number of efforts -mostly in developed nations -to restore the variety of species and the functions they perform to streams and rivers (Palmer et al. 1997; Young and Peter 2002; Bernhardt et al. 2005 ; van Andel and Grootjans 2006; Stewart et al. 2009 ).
Within the State of California, extensive modification of lotic systems for agricultural and urban development has had significant negative impacts on native fishes (Moyle et al. 2008) , triggering numerous restoration attempts . In an effort to enhance native fish, California has dedicated many millions of dollars towards stream restoration projects Pitzer 2011 ). Warranted by the ecological and economic importance of salmonids, many of the restoration attempts in California focus on restoring salmon populations (Good et al. 2007 ). Yet, the extent to which past projects have benefited native lotic communities is often unclear due to a lack of evaluative data and analysis (Kondolf 1998; Bernhardt et al. 2005; Palmer et al. 2005) .
Here, we report the results of a study that asked how a common native fish species in a particular riverine system responds to augmentation of spawning habitat for adult Chinook salmon. We analysed data for a population of Sacramento pikeminnow (Ptychocheilus grandis, Ayres) from two adjacent stream reaches of the Merced River in the Central Valley of California. We collected pikeminnow from a channel that had recently undergone a large-scale reconstruction and gravel augmentation, and from an upstream, unrestored reach. The 180-km Merced is a large tributary of the San Joaquin River, flowing from snowmelt in the Sierra Nevada mountain range until it is confluence with the San Joaquin River. The river has historically supported a diversity of native species; however, populations of many species, particularly salmonids, have dwindled to record lows over the past several decades (Moyle 1994; Yoshiyama et al. 2001; Brown and Moyle 2005) .
We focused this particular study on pikeminnow because they are native to California, widespread throughout rivers in the Central Valley, and abundant in most streams they inhabit (Moyle 2002 ). Thus, we were able to collect a large number of individuals of a fish species that inhabit both degraded and restored stream ecosystems. By comparing populations collected from the restored reach to those from a similar unrestored reach, we assessed how juvenile pikeminnow's abundance, size frequency and growth rates differed following the salmon restoration efforts.
Methods

Study area
In 2001, state-funded salmon restoration efforts implemented the reconfiguration of a portion of the Merced River (37 29 0 N, 120 28 0 W). The restoration project mechanically restructured a 2.7 km reach of the river, rearranging 1.5 million tons of sediment (Figure 1 ). The channel was reshaped to a single-thread, meandering form, interspersed with riffles and pools. The bankfull flow was measured to be 48 m 3 s À1 . The channel was filled with median particle size gravel (50-mm 1st axis dia.), which was considered optimal for salmon spawning. The channel width, gradient, sinuosity, 2 A.M. Romanov et al.
and bed texture were designed to encourage sediment transportation conducive to point bar formation (Harrison et al. 2011) . At the time of restoration, neither the funds nor the permitting were allocated to any type of monitoring program, and we are not aware of any baseline biological data collected before the restoration project. Therefore, even though a before, after, control and impact design would have been desirable for evaluating the biological impacts of the stream reconfiguration, this approach was not possible. In the absence of a better alternative, we decided to compare attributes of fish captured in the restored reach to those captured in a 1.3 km long, unrestored reach immediately upstream. Given the close physical proximity, these reaches shared similar temperatures, flow regimes, and chemical compositions ( Table 1) .
The restored reach had a slope of 2.5 Â 10 À3 , bankfull width of 29.2 m, mean depth of 0.5 m, mean velocity of 0.6 m, and mean temperature of 13.6 C. In comparison, the unrestored reach had a slope of 2.6 Â 10 À3 , bankfull width of 35.3 m, mean depth of 0.6 m, mean velocity of 0.4 m, and mean temperature of 13.6 C (Albertson 2010; Utz 2012a; Table 1 ). The only major distinctions were physical changes induced by the restoration efforts (Albertson et al. 2010) . The restored reach and the unrestored reach differed in mean streambed particle size (restored ¼ 5.3 cm, unrestored ¼ 7.0 cm) and in frequency with which particles moved in response to flow (Table 1 ; Albertson et al. 2010 ). In addition, because the construction removed most of the riparian vegetation, the restored reach was almost completely lacking the in-channel habitat of woody debris, shade cover and undercut banks that juvenile fish often rely on for refuge (Table 1 ). 
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Sample collection and preparation In August of 2008, we conducted snorkel surveys to collect abundance data for juvenile pikeminnow in both the restored and the unrestored reaches. Data collection was conducted in run, riffle and pool habitats for both reaches. Depending on visibility and stream width, three or four surveyors conducted observations simultaneously, entering the study sites at their upstream limit and drifting their length while recording the number of visible pikeminnows. The run, riffle and pool habitats were sampled 11, 11 and 10 times in the restored reach and 6, 6 and 3 times in the unrestored reach, respectively. We used the snorkel survey technique because August is a low-flow period when visibility is high and water column dwelling fishes such as pikeminnow can be easily observed. While a snorkel survey was the most effective technique to estimate abundances during this period, we also collected individual pikeminnow at eight sites (three in the 1.3 km unrestored reach, five in the 2.7 km restored reach) to gather data on size structure and to collect otoliths for analysis of growth rates. In total, 154 fish were collected (94 restored and 60 unrestored) using a 10 m beach seine with 3.2 mm mesh. To operate the net, one assistant held each side, while a third monitored the middle section to prevent it from snagging the riverbed. The net was stretched perpendicular to stream flow and all three members waded downstream. After traveling about 30 m, one side-holding member slowed his wading speed, whereas the assistant on the far side of the stream accelerated and made a sweeping motion until the net pivoted to become parallel to the stream. From there, all three members pulled the net on to Albertson et al. (2010) and Utz et al. (2012a Utz et al. ( , 2012b the shore. Captured pikeminnows were immediately removed and euthanised by pithing. We repeated our seining efforts until we captured 20 pikeminnows at each site or we had swept all seinable habitats. Fish abundance was compared between the restored reach and the unrestored reach using the nonparametric Mann-Whitney U-test (since data could not be normalised with typical transformations), after which the size classes of fish were compared graphically.
Sample processing
After collection from the field, we placed all fish into a portable freezer pending analysis at the laboratory. All fish collected for this study were juveniles, yet their size varied by almost 4-fold (42-151 mm). Pikeminnow in this size range spend most of their time in pool and run habitats, and mostly consume aquatic invertebrates (Nakamoto and Harvey 2003) . On return to the laboratory, we measured the standard length (SL; to the closest 1.0 mm) and the wet mass (to the closest 0.01 g) of each fish. We analysed the length data using a t-test, comparing the fish by reach. The lapilli otoliths were then removed with forceps, rinsed with deionised water and stored dry in tissue culture trays. The lapilli otoliths, the largest in ostariophysans, were used instead of the sagittae and astersci otoliths due to their large size that made for more precise ring counting and measuring later in the testing.
A total of 84 otoliths (52 restored, 32 unrestored; minimum 10 per site) were processed and prepared for ring counting as described by Secor et al. (1991) . Our only modification to the Secor procedure was using EpoFix resin in place of Spurr embedding medium, which allowed us to polymerise otolith blocks at room temperature. We positioned the otoliths in such a manner that sectioning revealed the frontal plane of the otolith. We used the frontal plane because it showed the clearest ring formations in pikeminnow.
We photographed the prepared otolith sections under a microscope at 200Â magnification with a digital imaging system, and we counted the otolith rings individually with the assistance of image analysis software (MicroSuite Five, Olympus America Inc., headquartered at 3500 Corporate Pkwy, Center Valley, PA 18034.). We used the software to measure the distance from the nucleus of the otolith to each ring. Coupled with the SL of the fish at capture, these measurements were then used to back-calculate SL when each otolith ring was formed. Since otolith rings of pikeminnow form daily (Bestgen and Bundy 1998) , this process simultaneously allowed us to calculate the length of the fish at each day of life since hatching. We used the Fraser-Lee method (DeVries and Frie 1996) of back-calculating length at age:
where (L c -a)/S c is the slope of a two-point regression line to estimate L i ; a ¼ Y-intercept; L i ¼ back-calculated length of the fish when the ith increment was formed; L c ¼ length of the fish at capture; S c ¼ radius of hard part at capture and S i ¼ radius of the hard part at the ith increment. Aside from its general acceptance, we used the Fraser-Lee method of backcalculating size because it remains applicable when the intercept of the relationship between fish length and hard-part radius is not at the origin (DeVries and Frie 1996).
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This is a necessary prerequisite when aging pikeminnow, as their growth rings start forming when the fish are at hatch length (%5 mm) and not at size zero. Measurement error and otolith irregularities inevitably lead to inaccuracies while estimating daily growth rates of fish. However, we were careful to use identical methods to analyse otoliths from both reaches, which we also chose at random for processing. Therefore, any potential errors should be comparable between the two reaches, and thus, any relative differences observed between reaches are real. Juvenile fish growth rates were compared among reaches using a two sample t-tests. Since growth rates correspond to the size of the fish and many of the fish in this study were not more than 12 weeks old, we analysed daily growth rates for only the first 84 days of life to keep the data comparable. We also conducted an analysis of covariance (ANCOVA) of growth rates with SL as a covariate since both survival and growth are likely size dependent.
Results
Snorkel surveys indicated that pikeminnow were significantly less abundant in the restored reach compared with the upstream unrestored reach (Figure 2 ). On average, fish abundance in the unrestored reach was 4.19 times greater than in the restored reach (4.99 AE 1.42 vs. 1.19 AE 0.15 pikeminnow/100 m 2 ) and the lower abundance in the restored reach was consistent across all three habitat types in each reach. Despite the difference in abundance, fish collected from the restored reach were larger on average than those collected from the unrestored reach. Data regarding the size distribution of fish populations suggested that the restored reach generally lacked the smallest size classes of pikeminnow (565 mm, Figure 3 ). The absence of smaller individuals in the restored reach contributed to a significant 16% difference in average fish length per reach (F 1, 152 ¼ 16.3, p 5 0.01; Figure 3 ). The 94 fish collected in the restored section averaged 91.66 mm in SL (SE ¼ 2.07 mm), whereas the 60 fish collected from the unrestored reach averaged 79.23 (SE ¼ 2.28 mm). A.M. Romanov et al.
Data on juvenile fish growth rates suggested that, on a per capita basis, fish had faster growth rates in the restored reach than in the unrestored reach. Fish collected from the restored reach averaged 22% faster growth per day than fish collected in the unrestored reach (Figure 4(a) ). However, some caution may be warranted in interpreting Figure 4 (a) since (i) fish collected from the restored reach were, on average, larger than those in the unrestored reach and (ii) growth rates are usually size specific. Because of these caveats, we felt it was more appropriate to break down the growth rates on a daily basis so that we could more rigorously compare juveniles of identical age. When we did this, we found that the growth of fish in the restored reach consistently exceeded the growth of fish in the unrestored reach during each of the 90 days after hatching (Figure 4(b) ). Moreover, an ANCOVA of growth rates during the first 12 weeks of life with a covariate of fish length showed that, even when standardised by size, the fish in the restored reach grew significantly faster (F 1,61 ¼ 25.13, p 5 0.01). 
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Discussion
Here, we examined how the abundance, population size structure and growth rates of juvenile Sacramento pikeminnow (P. grandis) differed between two stream reaches -one that was subjected to a gravel augmentation intended to enhance spawning habitat for salmon (the restored channel) and a physically similar, unrestored 'reference' reach upstream. We found that pikeminnows were significantly less abundant in the restored reach. However, individual pikeminnow grew to larger sizes in the restored reach compared with the upstream reference with growth rates consistently faster for juveniles across the entire first 90 days of life. Our data suggest that while the restoration effort may have created habitat conducive to enhanced per capita growth rates, it may have also led to decline in the population sizes of pikeminnow. The close proximity of the two study reaches ensured consistency in many abiotic forces known to influence metabolic rates (Albertson et al. 2010 ) and thus it seems unlikely that any increase in per capita growth rates of fish in the restored channel (relative to the unrestored reach) would stem from a discrepancy of physical factors in the channels (e.g. temperature, chemical composition, discharge, etc.). However, differences in the availability and composition of food items between reaches could be responsible for an increase in per capita growth. Albertson et al. (2010) showed that an increase in bed mobility in the restored reach has caused the invertebrate assemblages to shift from sessile, filter-feeding caddisflies (Hydropsychidae; known to inhabit stable substrates) to more mobile, drifting mayflies (mostly Baetis; known to be good colonisers). A concurrent study of the effects of this restoration found that juvenile Chinook salmon were also growing at faster rates in the restored reach, and stable isotope analysis suggests that this may be related to a shift towards a mayfly-dominated diet Utz, Zeug, Cardinale, and Albertson 2012) .
Although the restoration effort appears to have created a habitat more conducive to per capita growth than the habitat of the unrestored reach, our data also suggest that the restored reach's habitat hosts smaller population sizes. This latter result may A.M. Romanov et al.
be related to the lack of juvenile rearing habitat that is characteristic of many restored streams. For instance, a recent comparison of the restored reach of the Merced River to 21 other rivers throughout the Central Valley suggested that the restored reach had very few undercut banks, almost no pool habitat, and was lacking woody debris . These habitats can be disproportionately important to the survival and growth of smaller size classes of fish (Langler and Smith 2001; Brooks et al. 2004; Dolinsek et al. 2007 ) such as those collected in this study, but such habitats are seldom engineered directly into channel reconfiguration projects because it is typically assumed that they will form naturally as channels evolve and sediment shifts. However, since every major river in the Central Valley, including the Merced, is dammed, the high flows required to move sediment and form juvenile rearing habitat occur very infrequently. With less rearing habitat available, the mortality rate of juvenile pikeminnow might be expected to increase, perhaps decreasing abundance. The survivors, in turn, may acquire a larger provision of resources and experience accelerated growth. Density-dependent growth has been observed in other members of the Cyprinidae family (Mathews et al. 2001) . If density-dependent growth is the mechanism behind the observed growth rate discrepancy, then only migration between reaches could mitigate the effects of this mechanism. Alternatively, spawning pikeminnow may have found conditions in the restored reach to be less conducive to embryo development and deposited or fertilised fewer eggs there, thus also explaining the density discrepancy between reaches. Or, perhaps after the eggs were deposited, the increased stream-bed motility of the restored reach disrupted and harmed the developing eggs. If fewer eggs were laid or hatched in the restored reach, this could explain the increased growth rates observed in the restored reach. With fewer competitors, the increased growth rates may, again, simply be the result of density-dependent growth. These phenomena could explain the disproportionate absence of juveniles in the restored region and perhaps the discrepancies in size-class frequencies between reaches.
One of the inherent limitations of our study -a limitation that is true of most every sampling effort of mobile fish in riverine systems -is that we do not know the location of the fish before capture or how long they had occupied the habitat in which they were captured. Consequently, we cannot confirm that the fish collected in our sampling efforts are true indicators of the long-term conditions of the reach in which they were collected. Such confirmation would require tagging of pikeminnow using radio or satellite markers to monitor their movements between reaches, which would be both expensive and difficult -if not impossible -for the smaller size classes included in our sampling. Although it is true that pikeminnow are a highly mobile species with the ability to migrate long distances (typically as a result of seasonal temperature differences), it has also been observed that they often remain in close proximity to a 'home' pool (Moyle 2002) . Given these uncertainties, the Merced River restoration effort may be responsible for the increase in per capita growth and the decrease in population sizes of Sacramento pikeminnow in the restored reach relative to the unrestored reach. Our study is a 'snapshot in time', and findings should not necessarily be taken as an indication of the long-term population trends in the river. But while this study relied on a one-time sampling effort, it is worth noting that the rings of the pikeminnow otoliths formed over weeks and months, suggesting that the observed trends likely reflected temporal patterns.
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Whether the restored and unrestored reaches harbour distinct populations or the fish are migrating between habitats, it was clear that the densities, population size structure and growth rates were distinct by reach. Our study suggests that gravel augmentation could have contrasting effects on native fish populations -decreasing population sizes while simultaneously increasing the per capita growth of individuals. The exact mechanisms driving these contrasting results and the balance of these two opposing effects on long-term demographics, require further research to elucidate.
